Highlights  15% of the child abuse instruments had strong to moderate levels of evidence.
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A N U S C R I P T 3 adequate levels of evidence for all criteria, and no criteria were met by all instruments. Our results indicate there is no single instrument that is superior to all others across settings and populations.
The availability of measures capable of capturing the effects of child abuse on brain development and associated behavioral phenotypes are limited. Refined instruments with a focus on capturing abuse events during development are warranted in addition to further evaluation of the psychometric properties of these instruments.
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Introduction
Child abuse is a major public health concern. A recent review of a series of metaanalyses reported that prevalence rates of child abuse for self-report studies are 12.7% for sexual abuse, 22.6% for physical abuse, 6.3% for emotional abuse, 16.3% for physical neglect and 18.4% for emotional neglect (Stoltenborgh et al., 2015) . Individuals who experience abuse during childhood are more likely to develop depression (Infurna et al., 2016) , post-traumatic stress disorder (Breslau et al., 2014; Brewin et al., 2000) , schizophrenia (McGrath et al., 2017; Varese et al., 2012) , dissociative disorder (Draijer and Langeland, 1999) , personality disorder (Johnson et al., 1999) , substance use (Evans et al., 2017; Hamburger et al., 2008; Lo and Cheng, 2007) , and suicidal behaviour (Dube et al., 2001; Stansfeld et al., 2017; Tunnard et al., 2014) . The total lifetime estimated economic cost of child abuse is estimated at USD124 billion in the United States each year (Fang et al., 2012) .
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Despite the establishment of this potent and robust marker of psychiatric risk and proliferation of childhood abuse instruments, scientific gaps remain. First, although several reviews have evaluated child abuse measurement instruments (Burgermeister, 2007; Hulme, 2004; Roy and Perry, 2004; Satapathy et al., 2017; Strand et al., 2005) , consensus on which child abuse instruments provide the best methodological quality, and measurement properties has not been achieved. Previous reviews did not conduct a systematic evaluation of the methodological quality and measurement properties of available child abuse instruments using the COnsensus-based Standards for the selection of health Measurement InstrumeNts (COSMIN) checklist (Mokkink et al., 2010) . Thus, the strength of evidence for each instrument based on methodological quality, and measurement properties are largely unknown. The COSMIN initiative aims to facilitate the selection of high-quality patientreported outcome measures for research and clinical practice and provide a comprehensive guideline for systematic review of the patient-reported outcome measures (Prinsen et al., 2018) .
Second, less attention has been given to the development of psychometrically sound measures that allow for the assessment of time-dependent effects of child abuse across development. Emerging evidence has provided insight into the plasticity of the developing brain as a function of experience and has been a focus of research in recent years. Abuse during sensitive periods (e.g.: prenatal, postnatal and pubertal periods) is known to exert maximal effects on the developmental trajectory of specific brain regions (Andersen, 2003; Bale, 2015; Choi et al., 2012; Curley and Champagne, 2016; Pechtel et al., 2014; Tomoda et al., 2009; Tomoda et al., 2012) . Thus, information on the timing of abuse exposure is essential in facilitating a more comprehensive description of the long-term effects of child abuse.
As such, we systematically reviewed, critically appraised, compared, and summarized the methodological quality and measurement properties of published child abuse measures using the COSMIN checklist. In addition, we assessed the strength of evidence of these measurement instruments for research use and determined which measures were capable of providing information on the developmental timing of child abuse.
Materials and method

Defining child abuse
The WHO Consultation on Child Abuse Prevention states: 'Child abuse or maltreatment constitutes all forms of physical and/or emotional ill-treatment, sexual abuse or negligent treatment or commercial or other exploitation, resulting in actual or potential harm to the child's health, survival, development or dignity in the context of a relationship of responsibility, trust or power' (World Health Organization, 1999) . In this review we focussed on instruments that measure one or more of the five main subtypes of child abuse by caregivers, including physical abuse (acts of commission that cause actual physical harm or have the potential for harm), sexual abuse (acts where a caregiver uses a child for a sexual gratification), emotional abuse (failure of a caregiver to provide appropriate and supportive environments) and neglect (failure of a parent to provide for physical and emotional development of child) (Daro and Dodge, 2009; Mersky et al., 2017; Runyan et al., 2002) .
Search strategy and data extraction
A systematic search of three electronic databases: Ovid (Medline), PsycINFO and Health and Psychosocial Instruments was performed using the following keywords: 'child or A C C E P T E D M A N U S C R I P T 6 childhood or early life' and 'abuse or maltreatment or trauma or abuse or adversity' and 'instrument or questionnaire or tool.' The search was restricted to articles in English, and those published until July 2016. Only instruments that measured child abuse were included.
Instruments for screening trauma-related disorder or symptoms (e.g., post-traumatic stress disorder, dissociative disorder, depression) were not evaluated. Bibliographies of selected articles were also screened to identify other relevant instruments. When neccesary, attempts were made to contact corresponding authors of the included studies to obtain missing information during the data extraction process.
Two independent reviewers (SMS and CRH) screened the titles and abstracts of all articles identified by the search strategies and assessed the full-text copies of the relevant articles. Among eligible studies the following data were extracted: i) characteristics of included studies such as instrument names and authors, age specifier, dimension(s) measured, response format, time to administer, population assessed, country where the study was conducted and psychometric properties; ii) evaluation of measurement properties; iii) interpretability and generalizability of the results. The 'preferred reporting items for systematic review and meta-analysis protocols' (PRISMA-P) (Shamseer et al., 2015) was followed in the reporting of this systematic review.
Methodological and measurement quality assessment
Assessment of the methodological quality of the instruments was done based on the COSMIN checklist (Mokkink et al., 2010) . The checklist consists of 114 items, across twelve criteria. Nine of the criteria pertain to internal consistency, reliability, measurement error, content validity, structural validity, hypothesis testing, cross-cultural validity, criterion validity, and responsiveness. The remaining three criteria pertain to item response theory methods (when applicable), interpretability, and generalizability of the instrument properties.
Each of the 114 items is scored on a 4-point rating scale (excellent, good, fair and poor) and within each of the twelve criteria, the item with the lowest rating is assigned to that criterion (De Vet et al., 2011; Terwee et al., 2012 ).
Measurement quality ratings for each instrument were determined according to the COSMIN taxonomy, and rated as 'adequate' (+), 'not adequate' (-) or 'unclear' (?), based on the predefined criteria (De Vet et al., 2011; Mokkink et al., 2010) (Table 1) .
The strength of evidence assessment
The strength of evidence for each instrument was categorized as strong, moderate, limited, conflicting, or unknown based on the methodological and measurement quality as well as the number and consistency of results between psychometric studies of each instrument. Strong evidence included several methodologically good articles or one excellent article, reporting consistent evidence for or against measurement properties. Moderate evidence indicated the presence of several methodologically fair, or one good study.
Whereas, limited evidence was assigned to instruments with one study of fair quality and conflicting evidence was assigned to instruments with conflicting/mixed findings. Unknown evidence indicated the presence of studies of 'poor' methodological quality or the absence of studies (De Vet et al., 2011) 
Results
A total of 2095 articles were identified, screened, and assessed for eligibility resulting in 68 studies representing 52 child abuse measurement instruments (Figure 1) .
Characteristics of child abuse measures
Characteristics of the included measures are summarized in Appendix Table A.1.
Most instruments were self-report, retrospectively measured child abuse before the age of 18,
and could be administered in less than 30 minutes. Instrument development and psychometric evaluation primarily utilized convenient female samples (undergraduates, outpatients) ranging from 17 to 1,978 participants. Most measures were developed in English, although some had been adapted and translated into other languages. All instruments were evaluated using classical test theory except for the Maltreatment and Abuse Chronology of Exposure (MACE) scale which was developed using item response theory.
Methodological and measurement quality
Methodological and measurement quality of the eligible studies are summarized for each criterion in Table 2 . None of the 52 instruments identified could be assessed for all criteria based on the literature. In fact, most instruments did not have information related to their internal consistency (58%), reliability (56%), measurement error (98%), content validity (62%), structural validity (90%), hypothesis testing (56%), cross-cultural validity (94%), criterion validity (85%), or responsiveness (100%).
Strength of evidence
The strength of evidence for each instrument is summarized in Figure 2 . No instrument had strong to moderate strength of evidence for all nine COSMIN criteria, and none of the criteria was met by all instruments. The strongest evidence was available for the CTQ with strong to moderate evidence for 55% of the COSMIN criteria, followed by the CTQ-SF and MACE, which both had strong to moderate evidence for 44% of the criteria. At the criterion level, a quarter or more of the assessed instruments had strong to moderate evidence for content validity (34.6%), reliability (46.2%), and internal consistency (26.9%).
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None of the instruments assessed had a strong strength of evidence for criterion related to measurement error, cross-cultural validity, criterion validity, or responsiveness.
Discussion
We found a wide variation in methodology, measurement, and psychometric properties among instruments used to measure child abuse. Our findings suggest there is no single instrument that is superior to all others across settings and populations given that several criteria in the COSMIN checklist such as measurement error, criterion validity and cross-cultural validity were not evaluated or reported by most of the instruments we assessed.
As such the most appropriate instrument will depend largely on the context in which it will be employed. However, the findings from this systematic review did identify a number of instruments worthy of particular attention.
Of the 52 measures, CTQ is the only scale that has been thoroughly investigated and demonstrates a strong level of evidence with adequate internal consistency, reliability, content validity, structural validity and convergent (hypothesis testing) validity. It is also widely used and has been translated into many languages. Good alternatives to the CTQ included CTQ-SF, MACE, CAT, ETI-SR, AEIII, CCMI, PMI, ADQ, BCAS, ETI and CEVQ which demonstrated moderate to strong evidence for validity and reliability. Thus, these measures would be preferred over the others we assessed, assuming additional factors (e.g., setting and population appropriateness, alignment with study hypotheses, availability) related to instrument selection are equal. However, we cannot fully endorse these instruments given that several other criteria in the COSMIN checklist were not evaluated or reported.
Interpretability encompasses a number of important characteristics of an instrument such as generalizability and floor or ceiling effects (De Vet et al., 2011) . None of the studies A C C E P T E D M A N U S C R I P T 10 mentioned procedures for handling missing values or how missing values could affect the generalizability of the instrument. Furthermore, only six scales examined the distribution of scores in the study samples. Distribution of the scores produced by an instrument is considered an important characteristic in that it provides a proper interpretation of the scores on a measurement instrument and a proper interpretation of the measurement properties (De Vet et al., 2011; Terwee et al., 2012) . Finally, there is a lack of investigations assessing measurement invariance for cross-cultural validity studies using confirmatory factor analysis or differential item functioning. Thus, the applicability of most of the instruments beyond Caucasians in Western cultures is limited and requires more research.
Beyond methodological and measurement quality, we were also interested in determining which measures were capable of providing information on the developmental timing of child abuse. Eight of the reviewed measures (TAI, SLEI, SPAQ, ETI, ETI-SR, CCMI, LTVH, and MACE) have been shown to delineate the developmental stages.
However, only five (ETI, ETI-SR, CCMI, LTVH, MACE) were shown to have moderate to strong level of evidence in this review. The ETI, ETI-SR, and CCMI examine the frequency of child abuse by developmental stage and relationship with the perpetrator (Bremner et al., 2007; Riddle and Aponte, 1999) . The LTVH enquiries about trauma and victimization experiences, frequency, duration, and degree of danger and fear experienced using a semistructured questionnaire (Widom et al., 2005) . Measures that retrospectively assess child abuse have limitations in capturing detailed information on how exposure levels changed across development and delineated sensitive period effects for developmental studies (Teicher and Parigger, 2015) . The MACE is a new retrospective instrument that primarily developed to overcome these limitations by assessing cumulative severity and number of types (multiplicity) of recollected exposure to abuse during each year of childhood (Teicher and Parigger, 2015) . The MACE also provides features to solicit additional information on
peer victimization, witnessing inter-parental physical violence and violence towards siblings and eliminates items that could confound exposure with familial risk (such as parental loss, unavailability of father or unavailability of a mother for enumerated good reasons) (Teicher and Parigger, 2015) .
There are some caveats in this systematic review that should be noted. First, only studies published in English were considered, resulting in the exclusion of four measures that were developed, translated and published in other languages (Aslan and Alparslan, 1999; Wingenfeld et al., 2010; Yu et al., 2009; Zhao et al., 2005) . Second, although the COSMIN checklist is validated and well structured, there are still elements of subjectivity due to the different methodologies employed and information reported by the authors that might affect the decision in the rating process. Third, there has been little credence given to the reliability and validity of retrospective measures of child abuse. Autobiographical memory, memory impairment due to psychopathology, and/or mood-congruent memory retrieval biases are potential threats to the reliability and validity of self-reported retrospective instruments of child abuse (Brewin et al., 1993) . However, the credibility of this potential threat was not supported by a comprehensive review that suggested high stability in the recall, even with changes in mood and clinical status (Brewin et al., 1993) . The accuracy of memories for early experiences depends largely on the characteristics of the events or events to be recalled (Brewin et al., 1993) . Furthermore, a more recent study comparing the identification of childhood maltreatment using prospective case review and retrospective self-report methodologies found that both methods identified severe cases of maltreatment, but neither method on its own captured all cases of childhood maltreatment (Shaffer et al., 2008) .
Conclusion
Overall findings from this systematic review and critical appraisal of child abuse measurement instruments suggest no single instrument is superior to all others across settings and populations. There are a number of instruments with moderate to strong level of evidence for methodological quality and measurement properties that may be suitable for particular research questions. The present review also revealed that the availability of measures capable of capturing the effects of child abuse on brain development and associated behavioral phenotypes is severely limited. Refined instruments with a focus on capturing adverse events during sensitive periods of development are warranted in addition to further evaluation of the psychometric properties of these instruments. Without these future efforts, the ability to detect reliable and valid effects of child abuse on unfavourable brain and related behavioral outcomes will be hindered, and potential interventions to prevent these detrimental outcomes will be delayed.
Acknowledgements
None of the funding sources played any role in the study design, analysis or interpretation of data, in the writing of the report, or in the decision to submit the paper for publication. SMS 
Conflict of interest
No conflicts of interest to declare. 
Content validity
The items are relevant to the construct being measured.
Structural validity Factor analysis shows that the instrument items explain more than 50% of the total variance.
Hypothesis testing
Correlation with other instruments that assess child abuse (convergent validity) is ≥ 0.50, or ≥ 75% of the findings are accordance with the a priori hypothesis. If the hypothesis tested for a correlation with another construct other than childhood adversity (divergent validity), a score of 'unclear' is given.
Cross-cultural validity Factor analysis, logistic regression, or item response theory techniques detected differential item function between two or more language groups for the instrument.
Criterion validity A score of 'unclear' is given for this criterion for all instruments because there is no 'gold standard' for measuring child abuse.
Responsiveness
Correlation with the change score of an instrument assessing child abuse is ≥ 0.5, or if ≥ 75% of the findings were in accordance with a priori defined hypotheses, or if the area under the receiver operator characteristic curve (ROC) ≥ 0.70.
Interpretability
Information on floor or ceiling effects and the minimal important differences are provided.
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